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The conclusion of Bell's argument is that there is no
(plausible) causal explanation of some experimentally
observed correlations. It israductio ad absurdum
argument- it shows that the only (plausible) causal
explanations lead to an absurdity (a false prediction),
and are therefore false.

Three particles (electrons) fly apart towards 3 widely oo
separated measuring devices, A, B, and C, each of
which can be put at one of 2 settings, labeled 1 and 2.
Each measurement device has a light bulb attached,
which flashes red or green when a particle enters it. A
Which color the bulb flashes is not controlled by the —
experimenter. This is the outcome of the experiment. -
The experimenter does control #edtingsat position 1 -
or position 2 (in the actual experiment, the setting
determines the orientation of a magnet). Note thatthe  Figure: The setting is 1-2-1 and the out-
settings are quite independent of the outcome—any come is G-G-R.
device can flash red or green in either setting.

s

variables So, the particle heading towards A will have

FIRST EXPERIMENTAL FACT: When any 2 of the exactly one of 4 possible sets of instructions: Either:
3 measurement devices are at setting 2 and the other is {Al1 = +1, A2 = +1}, {Al = +1, A2 =-1},
at setting 1, then there is an odd number of red lights {Al = -1, A2 =+1}, or {Al =-1, A2 =-1}.
flashing in every instane¢hat is, either all 3 bulbs flash Note that in a single run of the experiment, the meas-
red, or exactly one bulb flashes red (with 2 greenurement device cannot be set at both settings at once, so
flashes) in any order. Each of these four possibilitiesve could not know what its full instruction set was
occurs with equa| frequency. A quick way of summa- (even if it had one). For instance, if we see the red flash
rizing this fact is that there is always an odd number ofvhen the device is set to 2, then we would only know
red flashes in any of the settings2t2, 2-1-2, or  that the instruction set was either {Al = +1, A2 = +1}
2-2-1. Here are the kind of predictions we can makeor {Al = -1, A2 = +1}. This is why the variables A1,
using this experimental regularity in these kinds ofA2, etc, are called HIDDEN variables, for they are not
experimental setup: If two devices flash red, then the&known before the experiment begins and they are not all
other must also be red. And if one is red and the othefnown even after the experiment ends. Note that each
green, then the third must be green. particle is destroyed when it is measured so we cannot
The only PLAUSIBLE causal explanation of such un the same particle through the measurement device
correlations is this: Suppose that each particle, aftePn the other setting. And even if we could, we could
separation from the others, carries with it a set of “in-néver be sure that the instruction set had not been
structions.” That is, each particle carries instructionsP!ISTURBED by the first measurement.
that DETERMINE which color will flash for each of the ~ On this hidden variable story, each of the 3 particles
two possible settings of the device it enters. Let udS Supposed to carry it own set of instructions (which are
represent by Al = +1 the instruction that the particle@llowed to arranged ianyway you want). But, in order
approaching the A device cause the red light to flash if0 account for the experimental facts described so far,
the device is set to position 1. And the instruction thatve must assume that the particles mutually co-ordinate
the green light flash if the device A set to position 1 bytheir instructions before they separate so as to produce
Al =-1. Similarly, let A2 = +1 and A2 =1 determine the right correlations. This is the usual way in which
the outcome when the measuring device is set at posF-ausal stories explain correlations. For_ example, sup-
tion 2. Since at most one of the variables A1 and A2P0Se that we that observe that two widely separated
will be measured, they are commonly callidden television sets always show the same picture, so that



knowing what picture appears on one enables us t8 devices are set to position 1. So, the prediction is
predict the what picture is appearing on the other withfalse!
certainty. How do we explain this regularity, or corre-
lation? The correct causal explanation of this correlaTHEREFORE, the preceding hidden variable story is
tion is that each TV is tuned to the same televisionfalse.
station, and is thereby responding to a COMMON There are at least (in principle) two ways of salvag-
causal influence. This is referred to as a “commoning some sort of causal explanation of these strange
cause explanation.” We certainly do not need to supguantum mechanical correlatietgit neither alternative
pose that there is any DIRECT causal link between thés very attractive.
correlated events. Similarly, it is a common cause
explanation that is being tried out as an explanation of.. Postulate some DIRECT causal influence that
the quantum phenomena described. So, to give a propagates from one measurement event to another
COMMON CAUSE ACCOUNT of the experimental so that the instruction sets are changed “in flight.”
facts described so far, we need to suppose is that the 3 But the experiment can easily be set up in such a
particles “conspire” before separation in such a way that  way that all 3 measurement events occur simultane-
the possible instruction sets they leave with satisfy the  ously (relative to some frame of reference) at widely
following 3 constraints: separated positions. In this case the postulated

ALxB2xC2=+1, AXB1xC2=+1, causal influence would have to _travel at_a spged

_ faster than the speed of light, which conflicts with
and A2x B2xCl=+1. . . -
one of the basic postulates of Einstein's theory of

The first equation ensures that there is an odd number of ~ relativity. So, this “norlocal” causal story is not

red flashes when the setting is2t2. The second an attractive alternative.

equation ensures the same thing when the setting @. Suppose that the particles “know” what the meas-
2-1-2, and the third when the setting is221. These urement settings will be so that the equation that
equations are part of the EXPLANANtBey are not they violate is not one that will affect the experi-

merely “statements of experimental fact.” Tlesplain mental results in the setting they will actually face.

the first experiment fact. Then the RELEVANT equation is always be satis-

So far, so good. BUT, we may make a fied, thereby producing the corregxperimental
PREDICTION from this causal explanation. Foritisa  correlations. However, such a RAPPORT between
simple mathematical fact that: (AX1B2 x C2) x (A2 x instruction sets and measurement settings is uncon-
Bl x C2)x (A2 x B2x C1) = Alx Bl x C1x (A2 firmed at least and highly implausible at best.
xA2) x (B2xB2) x (C2xC2) = A1x B1x C1 (since A2
x A2 is always +1 whether or not A2 is +1 €t.
Similarly, B2x B2 = 1 and A2 A2 = 1). It now fol-
lows from our three equations that AB1x C1 =1,
and this leads to the PREDICTION that an ODD num-
ber of red flashes will occur when the setting-$-11. REMARK 1: While quantum mechanics does predict with

This prediction makes some assumptions. It as-certainty that an odd number of red flashes occur when in the
sumes that the constraint that ensures that the first=2-2, 2-1-2, and 2-2-1 settings and why an even number of

. . : : flashes occur when the setting is 1-1-1, the theory does not
experimental regularity must hold remains in place predict whether a particular light flashes red or green. The

when a new kind of setting is in place (namely probanility of each alternative is ¥%. We can see this by consid-
1-1-1). This is a very plausible assumption, since to ering the case in which an odd number of red flashes occurs
assume otherwise would be to assume that the instrudthe other case is the same). For quantum mechanics predicts

tion sets are fixed with advanced ‘knowledge’ of the N the 4 possible outcomes R-R-R, R-G-G, G-R~G, and
G-G-R occur with equal frequently in the long run (each with

fUture_ exp_erimental S_etting- o probability 1/4-like tossing a 4-sided die). Moreover, without
With this assumption we have a prediction that goeshidden variables, this is the best we can ever do. So, in addi-

beyond the first experimental fact. And as Hume tion to showing that not all explanation is causal, Bell's argu-

pointed out, it is logically possible that such predictions MeNt also shows that science should J/imit its demand for

. .. explanation (causal or otherwise). Another example is the law

are wrong. In this case, the prediction is wrong. of inertia, according to which we do not need to postulate forces
to explain uniform rectilinear motion.
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SECOND EXPERIMENTAL FACT: There is al-

ways an EVEN number (0 or 2) of red flashes when a”REMARK 2: Bell's argument undermines all CAUSAL views of

explanation including probabilistic causal accounts, since one
still needs deterministic causes to causally explain strict corre-



